The Iowa Nutrient Reduction Strategy is a statewide effort that aims to encourage voluntary adoption of conservation practices by farmers to reduce the loss of nitrogen and phosphorus that contribute to water quality impairments in the Upper Midwest and drive hypoxic conditions in the Gulf of Mexico. This work is an analysis of the first 2 years (2015-2016) of a 5-year survey of Iowa farmers. We employ causal mediation analysis to examine the direct and indirect effects of key explanatory variables (e.g., information sources, nutrient management influences, involvement in watershed management activities, and conservation technical assistance) and two causally ordered mediators (farmers' awareness of and attitudes toward the Nutrient Reduction Strategy) on cover crop use. Results showed that participation in watershed activities and receipt of cost share or technical assistance had positive direct effects on cover crop use, while low levels of perceived nutrient loss mitigation self-efficacy had a negative direct effect. Information and influence of public sector soil and water conservation entities had positive indirect effects on cover crop use through awareness and attitudes, while influence of private sector agribusiness entities had negative indirect effects through those mediators. These results suggest that current strategies such as engaging farmers in watershed management activities and public sector cost share and technical assistance are increasing adoption of cover crops, but the data also point to a need to increase engagement with private sector actors to help them improve their effectiveness as conservation technical assistance providers. This work is an analysis of the first 2 years (2015-2016) of a 5-year survey of Iowa farmers. We employ causal mediation analysis to examine the direct and indirect effects of key explanatory variables (e.g., information sources, nutrient management influences, involvement in watershed management activities, and conservation technical assistance) and two causally ordered mediators (farmers' awareness of and attitudes toward the Nutrient Reduction Strategy) on cover crop use. Results showed that participation in watershed activities and receipt of cost share or technical assistance had positive direct effects on cover crop use, while low levels of perceived nutrient loss mitigation self-efficacy had a negative direct effect. Information and influence of public sector soil and water conservation entities had positive indirect effects on cover crop use through awareness and attitudes, while influence of private sector agribusiness entities had negative indirect effects through those mediators. These results suggest that current strategies such as engaging farmers in watershed management activities and public sector cost share and technical assistance are increasing adoption of cover crops, but the data also point to a need to increase engagement with private sector actors to help them improve their effectiveness as conservation technical assistance providers.
Introduction and Background
Over the last several decades, the negative effects of nitrogen (N) and phosphorus (P) pollution on aquatic and marine ecosystems in the United States have been increasingly well documented, and the hypoxic zone in the Gulf of Mexico has become the best-known result of excess nutrient loading (Committee on Environment and Natural Resources, 2010) . In the Mississippi and Atchafalaya River Basin (MARB), which is the primary source of nutrients that lead to Gulf hypoxia, crop and livestock production is a major source of both N and P (Hypoxia Task Force [HTF], 2008) . In 2008, the Environmental Protection Agency-led Gulf of Mexico HTF, following years of research and collaborative planning among federal, state, nongovernmental organization, and private sector actors, released the Gulf Hypoxia Action Plan, which laid out major N and P load reduction goals and proposed a framework for action (HTF, 2008) . Principal among these actions was a proposal that all MARB states "Complete and implement comprehensive nitrogen and phosphorus reduction strategies … encompassing watersheds with significant contributions of nitrogen and phosphorus to the surface waters of the Mississippi/Atchafalaya River Basin, and ultimately to the Gulf of Mexico" (HTF, 2008, p. 32) . Further, it recommended that all state nutrient reduction strategies should address nutrient losses from both point and nonpoint sources and that the strategies should be completed no later than 2013.
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The state of Iowa responded to the Gulf Hypoxia Action Plan and its proposed action steps by developing its Nutrient Reduction Strategy (NRS). The NRS was completed and implementation began in 2013. It is a statewide initiative to reduce annual loads of nitrogen and phosphorus (from both point and nonpoint sources) by 45%. Because so much of Iowa's nutrient loadings are associated with agriculture, its NRS focuses largely on that sector, serving as a voluntary framework to encourage and guide farmers and landowners to participate in nutrient reduction efforts. The state of Iowa has greatly increased promotion of on-farm best management practices (BMPs) for soil and water conservation that are necessary for reaching nutrient reduction goals (Iowa Nutrient Reduction Strategy, 2016) .
Evaluation of progress toward the Iowa NRS's goals is guided by a program logic model (PLM) approach that measures and tracks key indicators of change (INRS, 2016) . The human dimensions components of the PLM were developed drawing on major threads of behavioral change theory including the reasoned action approach (Fishbein & Ajzen, 2010) , diffusion of innovations (Rogers, 2003) , and research on environmental attitudes (Heberlein, 2012) . A central component of all of these theories of behavior change is that awareness and attitudes are critical antecedents of changes in behavior. Hence, the NRS PLM focuses on farmer awareness of and attitudes toward the NRS and its objectives as indicators that will, over time, help lead to behavioral change in the form of increased use of recommended soil and water conservation practices.
This research reports initial results of a multiyear longitudinal survey research effort conducted to help measure changes in awareness, attitudes, and soil and water conservation behavior among Iowa farmers. In addition, NRS stakeholders recognized that a better understanding of farmers' awareness, attitudes, and behaviors related to water quality could inform the development of more effective strategies for promotion of conservation practices that reduce nutrient loss.
While the survey explores a variety of conservation practices, the analysis presented here focuses on cover crops. Cover crops are one of the most effective methods of reducing the loss of nitrogen and phosphorus from farm fields; certain varieties of cover crops have been estimated to reduce nitrate-nitrogen loss by 28% to 31% and phosphorus loss by 29% (INRS, 2013) . They are also the conservation practice that has received the most promotion in Iowa, with approximately 300,000 acres planted with federal or state financial assistance programs in 2015 and an estimated 600,000 total acres planted in 2016 (INRS, 2016; Iowa Learning Farms, 2017) . This extent of cover crops use, however, represents a small fraction of the more than 24 million acres of cropland in the state; efforts to increase use of cover crops in Iowa's row crop operations are ongoing.
Given the increasing recognition of cover crops' effectiveness in reducing nutrient loss (Kaspar et al., 2012; Kladivko et al., 2004 Kladivko et al., , 2014 and the resources put toward promotion of the practice (Iowa Learning Farms, 2017; INRS, 2016) , surprisingly little research has examined farmers' adoption of cover crops. Our literature review identified only three large-sample survey quantitative studies that examined cover crop adoption (Arbuckle & Roesch-McNally, 2015; Burnett et al., 2018; Dunn et al., 2016) and one that examined whether farmers had ever used cover crops but did not control for current use/possible disadoption (Singer et al., 2007) . Thus, the research presented in this paper adds to a small but growing body of survey research on cover crop adoption. We employ causal mediation analysis to examine the direct and indirect effects of key explanatory variables (information sources, nutrient management influences, involvement in watershed management activities, receipt of conservation technical assistance, and perceived barriers to BMP adoption) on cover crop use with two causally ordered mediators (farmers' awareness of and attitudes toward the NRS). Our central research interest, and the primary rationale for using causal mediation analysis, is to examine how awareness of the NRS and attitudes toward it and its objectives might mediate the effects of explanatory variables commonly used in adoption studies.
Literature Review and Conceptual Framework
We draw on major threads of behavioral change research (Fishbein & Ajzen, 2010; Heberlein, 2012; Rogers, 2003) and reviews of soil and water conservation practice adoption research (e.g., Baumgart-Getz et al., 2012; Prokopy et al., 2008) to identify key variables of interest and develop a conceptual framework of cover crops adoption to guide our research design and data analysis. At the center of our framework are awareness and attitudes. Rogers' (2003) review of diffusion of innovation (DoI) theory places "awareness-knowledge" of behaviors or situations in a critical role in the pathway toward behavioral change, because awareness of a behavior or situation is a first precondition to action. Likewise, Fishbein and Ajzen's theory of planned behavior (TPB), also referred to as the reasoned action approach (RAA) (2010, 244) , posits that awareness of a specific issue or behavior can influence behavior, but awareness is typically mediated through "more proximal antecedents of the behavior" such as attitudes. That said, awareness can be viewed as a precondition: If a person is not aware of a given issue or potential solutions to the issue, they are not likely to act to remedy it.
While awareness is a necessary precondition to action, attitudes toward the behavior or situation are viewed as stronger mediators of action (Heberlein, 2012) . Both the TPB/RAA (Fishbein & Ajzen, 2010) and diffusion of innovations (Rogers, 2003) hold that attitudes toward a given behavior or situation, whether positive or negative, can influence intention to act and subsequent action (TPB/RAA) or the decision to adopt or reject the behavior (DoI). Thus, in general, research in both of these traditions tends to conceptualize both awareness and attitudes as factors that serve as mediators between background factors (e.g., demographics, personality, and economic constraints) that the individual brings to the decision process and actual behavior change. Soil and water conservation meta-analyses have found that awareness and attitudes are among the most consistent predictors of practice adoption (e.g., Baumgart-Getz et al., 2012; Prokopy et al., 2008) . Accordingly, our framework ( Figure 1 ) places awareness of and attitudes toward the NRS in mediating roles, proposing that these two variables will shape the ways that other variables may influence the adoption of cover crops. Specifically, the framework posits that the influence of several types of explanatory variables that are typically employed in BMP adoption models have on adoption (in this case, cover crops adoption) is mediated through awareness and attitudes. Thus, we focus on several categories of explanatory variable that might be expected to be mediated by awareness and attitudes: information sources, influential actors, perceived efficacy, and engagement in conservation networks.
The first explanatory variable category listed in Figure 1 is related to information sources and their influence on behaviors and decisions. As Rogers (2003) states, information sources play a major role in shaping initial knowledge of an issue or innovation as well as ongoing knowledge development and influence or persuasion that may lead to decisions to adopt or reject a given technology. In the conservation realm, research has shown that the type of source or communication channel through which farmers receive information can influence adoption behavior (Barbercheck et al., 2014; Gillespie et al., 2007; McBride & Daberkow, 2003; Nowak, 1987) , with the use of public sector sources (e.g., conservation agencies) generally associated with greater practice adoption. Research on the relationships between private sector information sources and conservation adoption is limited. Rahm and Huffman (1984) found a positive relationship between use of private information sources and conservation tillage adoption among Iowa farmers. More recently, Eanes et al. (2017) found that farmers in Saginaw Bay, WI, who employed private crop advisors tended to use selected conservation practices (including cover crops) at a higher rate and were generally open to the idea of receiving conservation information from private sector advisors. Thus, use of and influence of information from both public or private sources are expected to be positively correlated with conservation practice use.
Another conceptual domain in our framework is perceived behavioral control. The concept was originally conceptualized as self-efficacy, and defined as individuals' beliefs about their capacity to control their own actions in response to and over events that impact their lives (Bandura, 1991) . The TPB/RAA frameworks employ a sim-10.1029/2017WR022385 ilar but more narrowly defined concept, generally referred to as perceived behavioral control, or beliefs about one's ability to perform certain behaviors within the bounds of contextual factors (Ajzen, 2002; Fishbein & Ajzen, 2010) . In soil and water conservation research, the concept has referenced farmers' beliefs about their own capacity to implement a practice (Reimer et al., 2012) or their perceptions of the efficacy of practices for achieving results such as water quality improvement (Wilson et al., 2014) or both individual and practice-level efficacy (Arbuckle & Roesch-McNally, 2015; Burnett et al., 2018) . Greater perceived efficacy is generally seen to be positively related to conservation behavior.
The next explanatory variables in the framework are measures of engagement in conservation-related networks. The first is involvement in watershed management activities. There is mounting evidence that when farmers become involved in local watershed management activities, that civic engagement can lead to shifts in identity and behaviors and eventually positive water quality outcomes (Floress et al., 2018; McGuire et al., 2013; Morton & Brown, 2011) . The second is receipt of cost share or technical assistance from a conservation agency or other conservation organization. Receiving cost share, technical assistance, or other type of programmatic assistance from a government conservation agency or other type of conservation-oriented organization, or similar integration into conservation networks, are also relatively consistently associated with conservation practice adoption (Baumgart-Getz et al., 2012; Knowler & Bradshaw, 2007; Prokopy et al., 2008) .
A final conceptual category is labeled contextual variables. In the TBA/RAA literature this component is labeled background factors (Fishbein & Ajzen, 2010) . Since any given behavior can have its own array of contextual influences, variables in this category depend on the behavior of interest. In the arena of soil and water conservation practice adoption, major categories of contextual variables include demographics (e.g., age and education), farm characteristics (e.g., crop/livestock mix, farm size, and geographic location), and external context (e.g., market conditions and government policies) (Baumgart-Getz et al., 2012; Knowler & Bradshaw, 2007; Prokopy et al., 2008; Rogers, 2003) .
Awareness and Attitudes as Mediators
As discussed above, behavioral models generally conceptualize awareness and attitudes as mediators of action (Fishbein & Ajzen, 2010; Heberlein, 2012; Stern, 2000) , with background factors and explanatory variables influencing awareness and attitudes, which in turn influence behavior. The analytical approaches commonly employed in soil and water conservation adoption research, however, tend to include these mediators as explanatory variables alongside other variables typically employed in BMP adoption research. Adoption studies typically employ a binary measure of adoption; hence, binomial logistic or probit regression tend to be the favored analytical approaches (Prokopy et al., 2008) . Awareness and attitudes are entered into statistical models with the rest of the variables or perhaps entered into models in a hierarchical, stepwise fashion (Bates & Arbuckle, 2017; Wilson et al., 2014) . Thus, such models estimate the influence of these variables holding other variables constant rather than examining their influence as mediators.
In this study, we employ an analytical approach-causal mediation analysis-that facilitates estimation of both the direct influence of explanatory variables and their indirect influence, as mediated through awareness and attitudes, on farmers' use of cover crops (Figure 1 ). This innovative approach examines the potential mediating roles of awareness and attitudes in a more conceptually coherent way than is typical in adoption studies. Accordingly, the two research questions that guide this study are as follows: (1) What are the direct effects of key explanatory variables on cover crops adoption? and (2) do awareness and attitudes have significant mediating effects on farmers' propensity to adopt cover crops?
Methods
Data Collection
The data for this analysis were collected through the first two waves-2015 and 2016-of a survey of Iowa farmers conducted to support implementation of the Iowa NRS. The population of interest was larger-scale row crop farmers (i.e., corn [Zea maize] and soybean [Glycine max]), because larger-scale operations farm a disproportionate amount of land. USDA estimates indicate that about half of Iowa farms are larger than 150 acres; however, those farms represent over 90% of the state's farmland (USDA NASS, 2014). The selection criteria was set at 150 acres total of owned and rented cropland so results could be generalized to these larger-scale farmers. The survey was implemented through an annual semilongitudinal survey that after the fifth year will have covered six Hydrologic Unit Code 6 (HUC6) watersheds. In 2015, 940 farmers from the Iowa HUC6 and 782 farmers from the Missouri-Little Sioux HUC6 watersheds were surveyed. In 2016, 197 farmers from the Iowa HUC6 and 175 farmers from the Missouri-Little Sioux HUC6 watersheds and 888 farmers from the Upper Table 1 .
Analytical Approach: Conditional Causal Mediation Analysis 2.2.1. Conditional Natural Direct and Indirect effects
We employ causal mediation analysis to evaluate the effects of explanatory variables on cover crop use, using mediator variables. This approach, in contrast with most analytical approaches used to examine adoption of conservation practices, allows us to estimate both the direct effects of the explanatory variables on cover crops as well as the indirect effects of those variables mediated through awareness and attitudes ( Figure 1 ). Recent advances in causal mediation analysis have extended classical approaches to direct and indirect effects to settings that allow for interactions and nonlinearities by using a counterfactual framework (Imai et al., 2010; VanderWeele & Vansteelandt, 2010; Vansteelandt & VanderWeele, 2012; Valeri & VanderWeele, 2013) . These approaches have been further extended to settings where multiple mediators are of interest (Daniel et al., 2015; VanderWeele & Vansteelandt, 2014) .
Causal inference has also been employed with observational data from a nonrandomized study design through propensity score matching or weighting methods to make an observational data set transform a quasi-experimental data set. In traditional propensity score methods, the treatment variable (explanatory variable in this paper) is usually binary (Hu & Mustillo, 2016) . Recently, Hu and Mustillo (2016) proposed the use of generalized propensity scores to handle multicategorical or continuous treatment variables. However, it is Causal mediation analysis is applied to identify which explanatory variables may influence cover crop use, taking into account the presence of two mediators: awareness and attitudes. On the odds ratio scale, we define conditional natural direct and indirect effects jointly mediated through the two mediators for each explanatory variable, as described below. Suppose that we observe (y, x, m 1 , m 2 , c) from the survey data, where y is the binary outcome, indicating whether a cover crop is used; x is a p-dimensional vector of explanatory variables; m 1 and m 2 are two continuous mediators, which in our case are awareness and attitudes, respectively; and c is a q-dimensional vector of preexposed control variables for the effects of (x, m 1 , m 2 ) on y. For the jth explanatory variable, the conditional natural direct and indirect effects mediated through the two mediators jointly are defined by
′ and d is any positive value such that x * j = x j +d belongs to j , which denotes a set of all possible values of the jth explanatory variable.
In order to identify these causal effects, we assume that P(Y(x, m 1 , m 2 ) |c), P(m 2 (x, m 1 )|c), and P(m 1 (x)|c) are identifiable for any x, m 1 , m 2 , and c, and there are no unmeasured confounders for the mediator-outcome relationship for any of the two mediators. This is in line with the nonexperimental identification assumption in Pearl (2001) . It is in fact satisfied if the sequential ignorability assumption holds. (Imai et al., 2010) . In addition, if a binary explanatory variable is considered under the sequential ignorability assumption, the conditional natural direct and indirect effects with d = 1 are equivalent to the natural direct and indirect effects in the classical causal mediation analysis, respectively.
The conditional natural direct effect (CNDE) of the jth explanatory variable can be interpreted as the ratio of the odds, conditional on (x, c), of the outcome y if the jth explanatory variable had been changed to x * j = x j + d, while the mediators had been fixed to m 1 (x) and m 2 (x, m 1 (x)) (i.e., what it would have been if the jth explanatory variable had not been changed and the first mediator had been m 1 (x)) vs. the odds of the outcome y if the jth explanatory variable had not been changed and the mediators had been fixed at the same levels m 1 (x) and m 2 (x, m 1 (x)).
Similarly, the conditional natural indirect effect (CNIE) jointly mediated through both of the two mediators can be interpreted as comparing the odds, conditional on (x, c), of the outcome y if the jth explanatory variable had not been changed but if the mediators had been fixed to m 1 (x * ), (i.e., what m 1 would have been if the jth explanatory variable had been changed to x * j from x j ) and to m 2 (x * , m 1 (x * )) (i.e., what m 2 would have been if the jth explanatory variable had been changed to x * j from x j , and the mediator m 1 had been m 1 (x * )) to the odds, conditional on c, of the outcome y if the jth explanatory variable had not been changed and the two mediators had been fixed to m 1 (x) and m 2 (x, m 1 (x)).
Model Assumptions
Recently, VanderWeele and Vansteelandt (2010) derived simple closed-form expressions for what they defined as the natural direct and indirect effects in an odds ratio scale for a binary outcome and a continuous mediator under two key assumptions: the mediator is normally distributed and the binary outcome is rare. Since cover crop use is not rare, it is not applicable to our study. Tchetgen Tchetgen (2014) derived alternative simple closed-form expressions for the natural direct and indirect effects by replacing the two assumptions with an assumption that the mediator follows a Bridge distribution. We have extended this approach to our setting in which two causally ordered continuous mediators exist, as follows.
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where
′ denote model parameters to be estimated. Δ 1 |x, c and Δ 2 |x, m 1 , c denote the error terms of m 1 and m 2 , respectively. Here, the Bridge distribution denoted by B(0, ) is given as
where is a rescaling parameter and cosh(x) = 1 exp(x)+exp (−x) . This distribution has mean zero and a symmetric but different shape from that of the Gaussian distribution. For example, when standardized to have unit variance, the Bridge density has slightly heavier tails than the standard normal and lighter tails than the standard logistic. (Wang & Louis, 2003) Then, we obtain simple closed-form formulae for the conditional natural direct and indirect effects, as follows. For jth exposure variable and any change, d > 0,
Here, 1j , 1j and 1j denote the jth element of 1 , 1 and 1 , respectively. We set d = 1 in our study. See Appendix A in the supporting information for details about how to derive the above closed-form formulae.
Sensitivity Analysis
Causal mediation analysis in general relies on the identification assumption. We conduct a sensitivity analysis to investigate if the results are robust to the potential violation of the assumption. Here, we extend a sensitivity analysis under the linear structural equation models proposed by Imai et al. (2010) to our model with bridge distributed random errors and two mediators. In Imai et al. (2010) , they considered a sensitivity parameter, , which is defined as the correlation between the error for the mediation model and error for the outcome model. That is, under the assumption of no unmeasured confounders for the mediators-outcome relationship, equals zero, and nonzero values of implies departures from the assumption. They derived the causal mediation effect as a function of and model parameters and observed how it changes as the magnitude of increases.
Similarly, we introduce a correlation structure between the two mediators and outcome variable to our model (1) by assuming that can be estimated from the data, we can compute the estimates of 0 and 1 by using their corresponding estimated variances. We also assume the outcome model as logitP(y = 1|x, m 1 , m 2 , c) =
c + Δ 2 . Thus, in this sensitivity analysis, we allow for two types of the correlations, and , implying departure from the assumption and derive the closed form expression for the conditional natural indirect effects as follows. By using similar arguments in Appendix A in the supporting information, we can derive
, and 1 = 2 1 . See Appendix B in the supporting information for details.
Note that this sensitivity analysis solely assesses sensitivity to departure from the identification assumption; it still relies on the parametric model which does not include interaction terms between mediators and explanatory variables. We may relax the no interaction assumption in future work. The results of the sensitivity analysis will be presented following the results of the causal mediation analysis. 
Variables in the Model
The dependent variable is a binary measure of farmers' use of cover crops on at least some of their farmland. The survey provided respondents with a list of conservation practices and asked them to indicate whether they had used them in the previous year. Farmers who reported using cover crops were assigned a 1, and those who did not were assigned a 0. Twenty-seven percent of farmers reported cover crops use (Table 2) .
We include three types of predictor variables in the model. These are labeled explanatory variables, mediator variables, and controls. Explanatory variables are the primary predictor variables of interest, measuring key factors that are expected to influence farmers' willingness and capacity to engage in conservation behavior, in this case the use of cover crops. Mediator variables, as indicated in Figure 1 , are factors that are expected to "mediate" the relationships between the explanatory variables and the use of cover crops. The third type of variable, which we term "controls," we include in the model to adjust for the influence of demographic, geographic, and farm characteristics.
Explanatory Variables
Following the conceptual framework (Figure 1 ), we employ four categories of explanatory variables. Several variables measure the information sources from which respondents had learned about the NRS and the influence of various agricultural stakeholders on respondents' nutrient management decisions. Another set of variables measures respondents' perspectives regarding perceived agronomic and economic capacity to adopt practices and reduce nutrient losses. Two variables measure engagement in conservation-related networks.
Information sources. The information source variables comprise eight potential sources of information about the NRS. Farmers were provided with a brief preamble, "Information about the NRS has been publicized through many sources. Please indicate whether or not you have learned about it from the sources listed below" and asked to select all that applied. Three public sector options were provided: "Natural Resources Conservation Service (NRCS) or Soil and Water Conservation District," "Another government agency (e.g., Iowa Dept of Agriculture and Land Stewardship)", and "Iowa State University Extension and Outreach." These public-sector actors have promoted the NRS heavily through press releases, workshops, field days, and other means of information dissemination. ISU and their agency partners have also sought to enlist private sector actors, such as agribusiness retailers and seed company salespeople, to assist in the endeavor of outreach to farmers. Three private sector sources were included: "Agricultural retailer (e.g., fertilizer, agricultural chemical dealer)", "seed company representative," and "independent/private crop adviser or agronomist." The mainstream and agricultural press has covered the development and implementation of the NRS, so those are also likely sources of information. Two press sources were given: the "farm press" and the "popular press."
We used a simple summing process to count how many of each type of information source farmers had heard about the NRS from, with a higher number corresponding with a greater number of sources. Farmers had heard about the NRS from an average of 1.6 out of three public sector sources, by 1.3 out of two press sources, and 0.6 out of three private sector sources (Table 3 ). The percentage distribution of farmers who heard from different numbers of each source is also shown in Table 3 . Our research expectation is a positive relationship between learning about the NRS from any of the information sources and cover crop adoption.
Influential actors. We measured the influence that various agricultural stakeholders may exert on farmers' nutrient management behavior through four summated scales. Farmers were provided with a list of 14 entities and asked to rate, on a 5-point scale ranging from no influence (1) to very strong influence (5) The final three entities were family members, other farmers, and landlord/farm management firms. Public sector entities had the highest mean influence, at 2.47 (out of five), followed by family, peers, and landlords at 2.32, private sector groups (2.09), and agricultural NGOs (1.68) ( Table 4) . As with the information source variables above, we anticipate that higher levels of influence attributed to public sector groups and agricultural conservation NGOs will be positively related to cover crop adoption. Although little research has examined the influence of private sector firms on conservation behavior, we tentatively hypothesize a positive direction of influence for those actors based on Eanes et al. (2017) .
Two scales measure respondents' perspectives regarding their perceived economic and agronomic capacity to implement water quality improvement actions, or perceived behavioral control/efficacy. Farmers were provided with seven statements about potential economic (four items) and agronomic (three items) capacity Note. 5-point scale values ranged from no influence=1 to very strong influence=5. Note. The 5-point scale values ranged from strongly disagree=1 to strongly agree=5.
factors and asked to indicate their level of agreement or disagreement on a 5-point scale from strongly disagree (1) to strongly agree (5). The scales were calculated by summing the responses on the items within each group category and standardized on the 5-point scale by dividing by the number of items. The mean score for the economic capacity scale was 3.26 and the agronomic capacity scale score was 2.81 (Table 5) . Because all of the items for both scales are negatively phrased, lower scores represent greater self-assessed capacity. Our research expectation is that higher levels of economic and agronomic conservation self-efficacy will be positively correlated with cover crop use.
The model includes two dichotomous measures of active engagement in soil and water conservation networks (Table 6) . One is a measure of farmers' civic engagement in water quality improvement efforts, defined as involvement in "organized watershed management activities" (yes=1, no=0). The question was preceded by the following definition: "watershed management refers to planning and action focused on maintaining clean water and general environmental quality within a watershed." Twenty-seven percent responded affirmatively.
The second variable measures receipt of assistance from agencies or NGOs involved in conservation (Table 6) .
We constructed the variable from responses to the following three questions: "in the last 5 years, have you received conservation technical assistance from a state or federal agency?"; "in the last 5 years, have you received conservation technical assistance from a non-governmental organization"; and, "in the last 5 years, have you received cost share to help you fund conservation practices?" Farmers who responded affirmatively to at least one of these questions were assigned a "1" and the rest a "0." Fifty-six percent of the sample had received cost-share or technical assistance to help them fund and/or implement conservation practices. We anticipate that both of these variables measuring involvement in soil and water conservation will be positively associated with cover crop use. Note. 5-point knowledge scale categories were: not at all knowledgeable (1), slightly knowegable (2), somewhat knowledgable (3), knowlegable (4). and very knowledgeable (5).
Mediator Variables
Awareness. Our measure of awareness of the NRS is measured through a 5-point knowledge scale ranging from not at all knowledgeable (1) to very knowledgeable (5). Respondents were first provided with a detailed description of the NRS and its goals, and were asked, "Before reading the description above, how knowledgeable were you about the Iowa Nutrient Reduction Strategy?" (see Nowatzke and Arbuckle (2016) for detailed description). Seventy percent reported that they were at least somewhat knowledgeable (Table 7) .
Attitudes. The attitude scale that is the second mediator variable is comprised of four items that measure key dimensions of attitudes toward the NRS and its objectives. Each item was measured on a 5-point scale ranging from strongly disagree (1) to strongly agree (5). The percentage distributions for the individual items are provided in Table 8 . The scale was constructed by summing the four items, then dividing by four to standardize it. The mean scale score was 3.58, indicating that in general, respondents had positive attitudes toward the NRS and its goals (Table 8 ).
Our expectation, as shown in our conceptual framework (Figure 1 ), is that the effects of explanatory variables on cover crop use will be mediated through awareness and attitudes. Furthermore, we expect that awareness of the NRS will be positively associated with attitudes toward it. Thus, our interest is to estimate the magnitudes of the indirect effects of the explanatory variables on cover crop use, as mediated through both awareness and attitudes, which are sequentially incorporated into our model. We hypothesize that the indirect effects through awareness and attitudes of all of the explanatory variables (except perceived capacity) on cover crops use will be positive. For the perceived capacity varables, which are negatively worded, we expect the indirect effects to be negative.
Control Variables
The control variables for this analysis correspond to three categories of contextual variables: farmer characteristics, farm characteristics, and watershed. Farmer characteristics include age, gender, and education. Farm characteristics include farm size and operation type (acres of cropland; acres of pasture), gross sales, and Note. The 5-point scale values ranged from strongly disagree=1 to strongly agree=5. percent of cropland rented. A single item measured whether any of farmers' cropland bordered any creeks, streams, rivers, or lakes. The farms' HUC8 watershed locations were also included as a geographical control variable.
Results
Parameter Estimation
The method explained in Section 2.2 is applied to the Iowa NRS Farmer Survey data. We estimated the regression coefficient parameters of the model (1) by using maximum likelihood and least square estimation methods. In addition, we estimated 1 and 2 through the method of moment that provides consistent estimators. Their corresponding confidence intervals are obtained via the percentile bootstrap method. Table 9 shows the estimated regression coefficients of explanatory variables on awareness, attitudes and cover crop use. By substituting the estimates for the equations (2) and (3), we computed the conditional natural direct and indirect effects of explanatory variables on cover crop use in an odds ratio scale. Table 10 shows the estimated conditional natural direct and indirect effects of explanatory variables on cover crop use in an odds ratio scale and their corresponding 95% confidence intervals. 
Effects of Explanatory Variables on Cover Crop Use: Odds Ratios
Conditional Natural Direct Effects
Few of the explanatory variables had significant direct effects on cover crop use. Inconsistent with our expectations, none of the information source or influence variables were significant direct predictors. One of the two "perceived capacity" variables had a significant direct effect on cover crop use. The variable measuring perceived lack of agronomic capacity to reduce nutrient loss (Capacity.Agron) was negatively associated with use of cover crops, with a one-unit increase in the scale (indicating lower perceived capacity) corresponding to a 27% lower likelihood of cover crop use (Table 10 ). In this case, the result is consistent with expectations, with lower perceived capacity translating into lower likelihood of cover crop use.
Consistent with expectations, both variables measuring engagement in conservation networks had significant positive direct effects on cover crop use. Participation in "organized watershed management activities" (WS.Action) was a strong positive predictor, with farmers who reported participation being 38% more likely to use cover crops (Table 10 ). Receipt of conservation cost share or technical assistance over the previous five years (CS.TA) had an even stronger direct effect, with farmers who received cost share or technical assistance being 2.2 times more likely to use cover crops than those who did not. Thus, farmers who were actively engaged in conservation networks, whether through watershed group involvement or through interaction with conservation technical and financial assistance providers, were more apt to report cover crops.
Conditional Natural Indirect Effects through Awareness and Attitudes
The results from the conditional natural indirect effects components of the model provide important insights into the role that awareness and attitudes may play in mediating adoption of cover crops in Iowa. Several of the information source and nutrient management decision influence variables, did not have significant conditional natural direct effects on cover crops use, were significant predictors of cover crops use through the two mediator variables awareness of and attitudes toward the NRS. Two of three information source variables were significant, with the change in awareness and attitudes associated with a one-unit increase in number of public sector (Info.Pub) or press sources (Info.Press) of NRS information resulting in about a 5% increase, respectively, in odds of cover crops use (Table 10) .
Three of the four variables measuring influence of varied actors on nutrient management decisions were significant predictors of cover crops use through awareness and attitudes (Table 10) . Consistent with expectations, influence of public sector entities (Infl.Pub) had a significant positive conditional natural indirect effect, with the change in both awareness and attitude due to a one-unit increase in Infl.Pub leading to a 5% increase in the odds of using cover crops. Infl.NGO also had a positive indirect effect, with a one-unit change leading to a 3% increase in odds. On the other hand, contrary to expecations, the change in the mediators due to a one-unit increase in influence of private sector entities Infl.Priv led to a 4% decrease in the odds of using cover crops. Because only the indirect effects were significant, the results suggest that the nutrient management decision-making influence of agricultural advisory entities is mediated by awareness and attitudes, but directions differ, with public and NGO actor positively associated and private sector actors negatively associated with cover crop use.
Neither of the two capacity variables had significant indirect effects on cover crop use.
Both variables measuring engagement in conservation networks also had significant positive indirect effects on cover crop use (Table 10) . Engagement in organized watershed management activities (WS.Action), in addition to strong direct effects, also had a significant, though less substantial, conditional natural indirect effect. The change in awareness and attitudes associated with a positive response for WS.Action was associated with a 6% greater likelihood of cover crops use. Similarly, receipt of conservation cost-share or technical assistance (CS.TA) was associated with a 3% increase in odds of cover crop use.
To facilitate interpretation of results, Figure 3 isolates the results for a single explanatory variable and provides an example path diagram of the direct and indirect effects for the variable measuring influence of private sector entities on nutrient management decisions (Infl.Priv). The figure provides the estimated regression coefficients of our model and corresponding 95% confidence intervals (from Table 9 ) showing the relationships between the explanatory and mediator variables and cover crop use. Summarizing the direct and indirect effects reported for Infl.Priv in Sections 3.2.1 and 3.2.2 above, the figure shows that Infl.Priv had no direct effect on cover crop use (Figure 3 ). It did, however, have a significant negative indirect effect on cover crop use through negative relationships with awareness and attitudes. In other words, higher private sector entity influence scores, when mediated by awareness and attitudes, were associated with lower likelihood of using cover crops. Figure 4 and 5 present the conditional natural indirect effects of the seven explanatory variables computed at different values of and , along with 95% confidence intervals. The seven variables were selected because the data analysis showed that they had significant conditional indirect effect (Table 10 ). Since the figures do not show any large variation, we conclude that the conditional natural indirect effects are hardly sensitive to departure from the identification assumption based on this sensitivity analysis. 
Sensitivity Analysis
Discussion
This study employed a causal mediation analytical approach to examine 1) the direct effects of key explanatory variables on the adoption of cover crops, the soil and water practice that has been most heavily promoted through the Iowa NRS, and 2) the indirect effects that those same variables have on cover crop adoption when mediated through awareness of the NRS and attitudes toward the NRS and its goals. Both of these research objectives are important because the Iowa NRS employs a behavioral change approach that is 1) investing significant resources into activities that provide direct support to farmers (e.g., cost share, establishment of watershed groups) to help them adopt key practices and 2) also views changing awareness of and attitudes toward conservation as an essential pathway to further facilitate adoption of soil and water conservation practices. Thus, understanding the relationships between explanatory variables such as information sources and influential actors, the mediating variables awareness and attitudes, and the adoption of key soil and water conservation practices such as cover crops can inform ongoing efforts to improve water quality outcomes. In particular, identification of variables that have only direct effects, those that have both direct effects and indirect effects mediated through awareness and attitudes and those that are significant only when mediated through awareness and attitudes can point to specific ways that extension and outreach programming might be targeted to increase the rate of behavior change.
Direct Effects
Only three of the explanatory variables of interest had significant direct effects on cover crop use. None of the information source and influence variables were significant. Neither the type of information source from which farmers had learned about the NRS nor the amount of influence over nutrient management decisions they ascribed to different agricultural advisory entities were direct predictors of cover crops use. These findings were somewhat unexpected, given that such variables have been relatively consistent predictors of practice adoption in past studies (Prokopy et al., 2008) . That said, our primary expectation was that these variables, in particular, would have indirect effects mediated by awareness and attitudes, results that will be discussed below.
A second direct effect finding was that lower levels of perceived agronomic capacity to implement conservation practices was associated with lower likelihood of cover crops adoption. In other words, farmers who tended to view nutrient loss reduction as a difficult challenge were less likely to use cover crops. This result indicates that despite major efforts to document the efficacy and yield impacts of a range of nutrient loss reduction practices (INRS, 2013) and promote practices (especially cover crops) across the state, many farmers still lack confidence in their capacity to reduce nutrient loss, and that lack of confidence appears to reduce the likelihood of cover crops adoption. This finding is consistent with expectations and, importantly, with the few studies that have examined cover crop adoption (Arbuckle & Roesch-McNally, 2015; Burnett et al., 2018) . This consistent finding offers further evidence that the conservation community should increase efforts to help farmers to become more confident in their ability to employ cover crops and other soil and water conservation practices. Our recommendations echo those of Arbuckle and Roesch-McNally (2015) and Burnett et al. (2018) , that outreach should focus on helping farmers to better understand both the benefits and the risks and challenges of cover crops to increase their comfort level with this effective agricultural BMP.
The results showing strong positive relationships between measures of integration in conservation networks-receipt of cost-share and technical assistance and involvement in watershed groups-and cover crop adoption add to the mounting evidence regarding the importance of actively engaging farmers in such networks. The growing literature on farmers' civic engagement in watershed management, especially when they work together with other farmers, conservation professionals, and other stakeholders toward shared watershed goals, indicates that network integration can catalyze more effective establishment of conservation practices across the watershed landscape (Church & Prokopy, 2017; McGuire et al., 2013) . Such engagement can help to increase farmers' conservation ethics (McGuire et al., 2013) , which in turn may lead to greater proclivity to adopt additional practices (Burnett et al., 2018; Zhang et al., 2016) .
Indirect Effects
The findings from the indirect effects components of the model provide important insights into the role that awareness and attitudes may play in mediating adoption of cover crops in Iowa. Several of the information source and nutrient management decision influence variables that did not have significant direct effects on cover crops use did have significant indirect effects through the two mediator variables awareness of and attitudes toward the NRS. This finding indicates that the conservation influence of information sources and agricultural advisory entities are mediated by awareness and attitudes, and that mediating influence can lead to significant effects on cover crop adoption.
The results for the information sources variables indicated that the greater the number of public or press sources that farmers had learned about the NRS from, the greater the likelihood of cover crops use. Congruent with the major threads of behavior change theory (Fishbein & Ajzen, 2010; Rogers, 2003) , it is likely that more information from these sources led to greater awareness of the NRS and more positive attitudes toward the NRS and its goals, and hence greater proclivity to adopt conservation practices such as cover crops. This result suggests that efforts to publicize and raise awareness of the NRS, at least through public and press sources, are having a positive impact.
The findings on how the decision-making influence of different agricultural stakeholder entities is mediated by awareness and attitudes have potentially major implications. Of the three decision influence variables with significant indirect effects on cover crop use, two had effects in the expected direction. As hypothesized, higher levels of influence from public sector entities such as federal and state conservation agencies and non-governmental entities such as Practical Farmers of Iowa were associated -indirectly -with a greater likelihood of cover crops adoption. In other words, the influence of these organizations interacted with awareness and/or attitudes in ways that increased the likelihood of cover crop use. This suggests that the primary pathway through which these advisory entities effect change is through their influence on farmers' awareness and attitudes.
The results regarding the nutrient management decision-making influence of private sector entities, on the other hand, showed a negative relationship with cover crop adoption. Contrary to expectations, higher levels of private sector influence on farmers' nutrient management decisions became a significant negative predictor of cover crops use when mediated by awareness and attitudes. This suggests that influence of private sector entities such as agricultural retailers, seed dealers, and other crop advisors may have a negative effect on awareness and/or attitudes, which in turn had a negative effect on cover crops adoption. This finding is concerning given the increasing emphasis on engaging private sector entities in conservation efforts (Eanes et al., 2017) . Recent research has shown that farmers look to and trust private sector agricultural retailers and crop advisors for both agronomic and soil and water conservation information (Arbuckle, 2017; Eanes et al.,
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2017; Prokopy et al., 2015) . These results point to a need for increased engagement with these actors to help them improve their effectiveness as conservation technical assistance providers.
Apart from the practical implications of the findings, the study also has methodological implications. By employing the awareness and attitudes variables as mediators, we were able to model both direct and indirect effects that would not have been detected using more traditional logistic or probit regressions, and the nuances in the results pointed to important implications. Future soil and water conservation adoption research in other geographic areas might also employ causal mediation analysis or similar approaches to examine the role of awareness and attitudes in other settings.
Limitations
While the results of our research have important practical implications to Iowa water quality efforts, it is important to note that the research focuses only on three HUC6 watersheds in Iowa. Thus, the results cannot be generalized to other watersheds in Iowa or beyond Iowa without caveats and caution. Second, the response rate was under 50%, which could introduce bias (e.g., the respondents could be more or less conservation-oriented than the population). In addition, it is important to recognize that the estimated magnitude of the estimated indirect effects of the individual explanatory variables were relatively small, ranging from three to 6% in increased likelihood of cover crop adoption. Over the next years, this multiple-year survey effort will cover more farmers in more Iowa watersheds, ultimately covering most of the state, and follow-on research will evaluate the reliability of these results. Also, due to parsimony and space considerations, we employed only a subset of potential explanatory variables and were not able to discuss the results for the control variables. Finally, it is important to note that because the data are from a cross-sectional, non-experimental survey, we cannot infer causation or causal direction with confidence, hence our focus on associations rather than causal relationships in the description of results. That said, this research represents a unique application of an innovative statistical approach to the burgeoning field of research focused on agricultural BMP adoption (Baumgart-Getz et al., 2012; Prokopy et al., 2008) , and the results provide a theoretically coherent and compelling addition to this important area of applied research.
Conclusion
In conclusion, we wish to emphasize several of our findings and their implications. First, our finding that information sources and agricultural advisory entities did not have direct effects on cover crops adoption, but rather their influence was mediated by awareness and attitudes, highlights the importance of developing communication strategies that have a positive impact on farmers' awareness of and attitudes regarding water quality problems and potential solutions. The recent emphasis on soil health messaging, which generally promotes cover crops along with other practices such as no-till and extended rotations, is an example of a campaign that is resonating with farmers (Roesch-McNally et al., 2018) . Relatedly, the evidence that private sector advisors such as agricultural retailers may actually have a negative indirect impact on adoption of practices such as cover crops is concerning, given that they are trusted advisors who are increasingly seen as promising partners in water quality improvement efforts (Eanes et al. 2017) . The results suggest a need for assistance to help them become more effective positive influencers. Finally, directly engaging farmers in conservation networks is clearly an effective pathway toward better conservation outcomes. However, recruiting farmers into watershed groups and conservation programs takes time, effort, money, and other resources (Church & Prokopy, 2017) . Increased and sustained investment to support civic engagement in watershed management programs will be needed to achieve the water quality goals set by the Iowa NRS and the Gulf Hypoxia Task Force.
